Introduction: Diabetic nephropathy (DN) is the commonest single cause of end-stage renal failure, and dyslipidemia is a critical risk factor in the occurrence of DN. In the light of recent reports emphasizing the importance of angiotensin I-converting enzyme (ACE) in the modulation of plasma lipids, we sought to evaluate the influence of ACE I/D gene polymorphism with dyslipidemia status among type 2 diabetic (T2D) patients with and without nephropathy in the genetic predisposition and the progression to DN. Method: This study comprised of 600 subjects, which include patients with DN, T2D, and healthy controls (HC). Polymerase chain reaction based genotyping of ACE I/D polymorphism was performed and appropriate statistical analysis was done. Results: Out of the 600 subjects, 20 (10%) of the HC, 73 (36.5%) of the T2D group, and 125 (62.5%) of the DN subjects had dyslipidemia. The D allele (0.62) and DD (42.5) genotype frequencies were higher in the DN group in comparison with T2D and HC (P < 0.05). The genotypes also varied among patients with dyslipidemia ( 2 5.04; P < 0.05) but not in the non-dyslipidemia group. Under the co-dominant model, DD genotype conferred a risk of 1.26 (P < 0.001) toward DN, whereas the ID genotype offered protection from DN among the dyslipidemic subjects (OR = 0.05; P < 0.01). In addition, genotype-dependent difference was seen in the plasma lipid levels among study groups. A multiple logistic regression analysis revealed male gender, BMI, HbA1c, TG, HDL, and ACE DD genotype as independent risk factors for the development of DN. Conclusion: The study showed a significant predisposing association of ACE DD genotype with DN and protective effect of ID genotype on DN in the dyslipidemia subgroup.
Introduction
Diabetes mellitus (DM) is a multifactorial metabolic disorder caused as a consequence of defects in insulin secretion and insulin action. Of the major forms of DM, type 2 diabetes mellitus (T2D) is the most common type, constituting nearly 85%-95% of the DM cases. Longstanding diabetes results in a multitude of complications of which diabetic nephropathy (DN) is an important microvascular complication observed in almost 40% of DM individuals. [1] [2] [3] [4] Numerous genetic variants and environmental factors are proposed to be involved in the etiology of DN. However, the precise mechanism regarding the pathophysiology of DN remains poorly understood. [5, 6] Existing literature suggests that the renin-angiotensin system (RAS), which plays an important role in the regulation How to cite this article: Mahwish This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms.
For reprints contact: reprints@medknow.com of blood pressure and fluid electrolyte homeostasis, is an active mediator of progressive renal injury in DN. Moreover, insulin resistance and hyperinsulinemia together with components of the RAS have been demonstrated to lead to DN. It is well recognized that alteration in the lipid metabolism results from insulin resistance and defective insulin action, [7, 8] and resultant dyslipidemia has been shown to be associated with increased urinary albumin excretion rate, a predictive marker for progressive renal failure. [9] Previous animal studies have demonstrated that albuminuria is exaggerated by hypercholesterolemia. Diabetic dyslipidemia has been shown to increase excessive extracellular matrix (ECM) production and macrophage infiltration in the glomeruli under hyperglycemic condition. [9, 10] In addition, lipid abnormalities in DN were shown to get more emphasized with deteriorating renal function and urinary albumin excretion. [11, 12] Angiotensin I-converting enzyme (ACE), a crucial component of RAS, is synthesized in epithelial and endothelial cells located in kidneys, lungs, and blood vessels. It catalyzes the production of vasoactive peptide angiotensin II from its precursor angiotensin I and inactivates bradykinin. Angiotensin II plays a critical role in the maintenance of blood pressure, sodium homeostasis, and renal hemodynamics. [13] Aside from this role, emerging evidence proposes that the RAS and its components including ACE are implicated in the pathogenesis of T2D, by promoting the development of dyslipidemia, insulin resistance, and interfering with insulin signaling. The genes involved in the RAS are thus considered as important predisposing factors in the development of DN.
The ACE gene located on chromosome 17q23, spans approximately 21 kb, includes 26 exons and 25 introns and encodes a 1,306 amino acid protein. A well-characterized 287bp Alu repeat Insertion/Deletion polymorphism (rs1799752) has been identified in this gene, which has been studied extensively with renal and cardiovascular complications of T2D. [14, 15] Former studies report that the D allele is characterized by elevated plasma concentrations of ACE compared with that of I allele. [16, 17] Lee and Tsai revealed that individuals with DD genotype have a significantly higher prevalence of dyslipidemia and higher serum triglyceride levels than those with II genotypes. [18] However, to date, reports on the association between ACE I/D genotypes, dyslipidemia, and DN are sparse. Extensive literature survey turned up one article wherein combined effects of atherosclerotic risk factors such as hypertension, smoking, dyslipidemia, and ACE genotypes were analyzed for their impact on microalbuminuria. [9] With this premise, we proposed to categorize our DN subjects according to dyslipidemic status and explore the independent influence of the ACE I/D polymorphism on progression to DN.
This case-control study has thus been designed to not only investigate the association of ACE I/D gene polymorphism in the development of T2D and DN but also to analyze the influence of this polymorphic variant on DN in the presence and absence of dyslipidemia.
Materials and Methodology

Subjects
The study was conducted in a cohort of 600 subjects comprising of 200 healthy individuals, 200 T2D individuals without nephropathy, and 200 DN patients visiting Nizam's Institute of Medical Sciences and Princess Esra Hospital Hyderabad, India. The study was approved by the Ethics committee of Osmania University, Hyderabad, India. Demographic and anthropometric details such as age, gender, height, weight, family history of disease, and duration of diabetes were recorded in a pre-designed proforma. Written informed consent prior to the sample collection from all the participating individuals was obtained. The inclusion criteria for the three different study groups were (a) DN patients: Individuals diagnosed with a urine albumin excretion of >300 mg/day on two different occasions in a span of 3-6 months without any clinical evidence of other kidney diseases, infectious condition; (b) T2D individuals without nephropathy: Urinary albumin excretion of <30 mg/day (checked on three different occasions) and, longstanding diabetes for a period of 10 years with no history of hypertension prior to the development of diabetes; and (c) HC: Unrelated healthy individuals with no history of diabetes, hypertension, and renal disorders. Height and body weight were measured and body mass index (BMI) was calculated as body weight in kilogram divided by the square of body height in meter. A value ≥23 kg/mg 2 was considered as a cut-off for being obese. Waist and hip circumference were measured; waist to hip ratio (WHR) was then calculated. A cut-off value of ≥0.88 in males and ≥0.81 in females was considered for classification of study subjects according to abdominal obesity. [19] Dyslipidemia was defined as elevated levels of triglycerides (TG), low-density lipoprotein, and reduced levels of high-density lipoprotein cholesterol. [20] 
Biochemical analysis
All the clinical parameters were performed using standard techniques (Rapid diagnostics Olso Norway and Span diagnostics). The levels of fasting and post-lunch blood sugar were acquired from the medical records of the hospital.
Molecular analysis
Genomic DNA was extracted from the peripheral blood leukocytes, using DNA extraction kit (Hi-media, India) as per instructions of the manufacturer and stored at -20°C until further use. The ACE genotyping was performed by polymerase chain reaction (PCR) following Wali et al., 2012 protocol. [21] PCR products were resolved on 2% agarose gel, PCR of 490 bp indicates a genotype homozygous for insertion (II), 190 bp homozygous for deletion (DD), and presence of both 490 and 190 bp indicates heterozygosity ID [ Figure 1 ].
Statistical analysis
The statistical test was performed using MedCalc software 14.8.1.0. The Student's t test was used to test for differences in various characteristics for continuous variables. The evaluation of data among the groups was performed by ANOVA (one-way and two-way ANOVA) test. Genotypic and allelic frequencies among study participants were analyzed with the Chi-square test, and Hardy-Weinberg equilibrium (HWE) was calculated. The association between genotypes was assessed by calculating the odds ratio (OR) at 95% confidence interval (CI). In addition, the risk conferred by ACE I/D polymorphism to DN under various genetic models was performed using SNP Stats online tool. A P value of <0.05 was considered statistically significant. Relationship between the risks factors and DN was assessed through multiple logistic regression (MLR).
Results
A total of 600 subjects were recruited for the present study. The baseline anthropometric and clinical features of the study population are summarized in Table 1 . Results were expressed as mean ± SD in HC, T2D, and DN. A perusal of the table reveals that the greatest proportion of subjects with dyslipidemia was present in DN group followed by the T2D group and the HC group had the least proportion of subjects with dyslipidemia. Table 2 represents the distribution of ACE I/D genotypes and their allelic frequencies among the studied population. The current analysis revealed that the percentage distribution of DD genotypes was more in DN (42.5%) when compared with T2D (25%) and HC (18%) subjects. The frequency of ID genotypes was marginally high among T2D (48.5%) than DN (40.5%) and HC (37.5%). Higher frequency of II genotype was found among HC (44.5%) than T2D (26.5%) and DN (18.7%) individuals. The ACE I/D genotype frequencies were found to be in HWE among the HC group ( 2 = 7.47, P < 0.01), whereas a deviation of the genotype frequencies from HWE was observed in the T2D and DN groups ( 2 = 0.17, P = 0.67;  2 = 3.57, P = 0.06, respectively). When the subjects were categorized according to dyslipidemia, significant difference with respect to the genotype frequency was observed.
Unadjusted OR after the analysis of association as shown in the Table 3 revealed that among the patients (T2D and DN) vs. control group the OR for DD genotype was 2.29, (95% CI = 1.51-3.47; P < 0.001), whereas the OR for II genotype was 0.35, (95% CI = 0.24-0.50; P < 0.001). However, in T2D vs. HC group ID genotype, the OR was 1.56, (95% CI = 1.05-2.33; P = 0.03), whereas the risk for II was 0.44, (95% CI = 0.29-0.68; P < 0.001). When comparison was made among the disease population (i.e., DN vs. T2D) DD genotype showed risk of 2.217, (95% CI = 1.27-2.27; P < 0.001) toward DN and the OR for II genotype was 0.34, (95% CI = 0.19-0.59; P = 0.03). In the dyslipidemia, subgroup ID genotype gave a One-way ANOVA analysis for all the variables (except mean duration of diabetes) was performed as a test of significance. . a: t test P value, b: mean±SE significant OR of 0.5 (95% CI = 0.28-0.92; P = 0.02). There was no significant association (P > 0.05) of the genotype with DN observed in the non-dyslipidemia subgroup.
Further, we analyzed the risk of DN and T2D after adjusting with confounding variables such as age, sex, BMI, and lipid profile [ Table 4 ]. DD genotype confers a risk of 2.6-fold (95% CI = 1.76-6.12; P = 0.019) toward progression to DN under the recessive genetic model. In addition, the II genotype seems to give a protective effect under the co-dominant model. In the dyslipidemia group, it was observed that II genotype and ID genotype showed protection under co-dominant (OR-0.05; 95% CI = 0.01-0.55; P = 0.01) and dominant model (OR-0.12; 95% CI = 0.01-1.03; P = 0.03).
With regard to dyslipidemia status 10% in HC, 36.5% in T2D and 62.5% in DN dyslipidemia were observed. Comparison of lipid profile (TG, HDL, and LDL) between patients and HC group and DN and T2D group with respect to genotypes exhibited a variation in lipid levels (TG, HDL, and LDL), which was significant among DN and T2D group (P < 0.05) but not between HC and patients group though there was a trend (P > 0.05) [ Figure 2 ].
The multiple logistic regression analysis was performed to look for the independent risk factors for DN among DN vs.T2D group. Male gender, BMI, hbA1c, TG, HDL, and ACE DD genotype emerged as independent risk factors for the development of DN [ Table 5 ].
Discussion
DN, a multifactorial condition, is a major contributor to morbidity and mortality in patients with diabetes. Emerging evidence points toward the role of dyslipidemia as a crucial attendant risk factor in the pathogenesis of DN. [9] Moreover, ACE, a key component of the RAS pathway has been shown to be associated with dyslipidemia in a hyperglycemic milieu. [22] Although ACE gene variants and circulating levels have earlier been studied in relation to oxidative stress and diabetic complications, reports exploring the influence of genetic variants of ACE on serum lipids in DN are sparse. Given this background, the aims of the present study were of two-folds: (1) to see the relationship between ACE I/D gene polymorphism, a functional variant, which influences the expression levels of ACE in the occurrence of T2D and DN (2) to assess the ACE genotype-dependent effect on the serum lipids, in T2D and DN subjects.
In this study, we observed that the genotype and allele frequencies of the ACE I/D gene polymorphism differed significantly among the study groups. In addition, we observed that the presence of one copy of I allele (or the heterozygous genotype ID) offered a significant protective effect irrespective of the confounding variables, whereas the presence of two copies of "D" allele (as in DD genotype) conferred an almost three-fold risk for DN. Our observations are in line with an earlier report from India and elsewhere. [14, 23, 24] However, Sikdar et al., (2013) found no association of ACE I/D polymorphism with DN. [25] This discrepancy between the previous study and ours might be owing to their relatively smaller sample size. Further, the report of Marre et al. on this polymorphism revealed a protective effect of II genotype in the development of DN. [26] Subsequently, a meta-analysis signified the association of D allele as a risk factor in the pathophysiology of DN. [27] Few studies showed lack of D allele association with DN and suggested a possible role of ACE-D allele in the progression rather than susceptibility to DN. [28] [29] [30] The incongruities reported by various studies in the distribution of ACE I/D genotype could be owing to ethnic variation. [28] The protective role of II genotype in the development of DN was most pronounced in Asians with T2D followed by Caucasians with type 1 diabetes and T2D. [31] In addition, in the risk analysis of DN and T2D according to ACE I/D genotypes under various genetic models, we detected that the significance of the ACE I/D polymorphism association with respect to the patients vs. controls and T2D vs. HC comparisons disappeared after adjustment for the confounding factors such as age, sex, dyslipidemia, and BMI. The result probably signifies that various factors interact with the specified genotypes in precipitating the diabetic phenotype. However, in the comparative group T2D vs. DN, the significance of genotype association persisted even after adjustment for the confounding variables. It can be surmised that for the 
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predisposition from normoglycemia to hyperglycemia, ACE genotypes interact with the various risk factors, whereas in the setting of hyperglycemia, genotype seems a principal likely contributor to progression into complications such as DN. Another interesting feature is that the I allele seemed to confer a protective effect (co-dominant model), whereas two copies of D allele was found to be risky (recessive model).
The impact of ACE I/D polymorphism in T2D and DN could be eluded to the effect of the polymorphic variant at the molecular level on the expression of the ACE gene.
Published data indicate that the D allele of the ACE I/D polymorphism leads to constitutive high level of ACE, which is deleterious to the kidney in a hyperglycemic milieu, whereas the I allele leads to relatively lower plasma ACE levels, there by exhibiting a protective effect against the disease. The DD genotype of ACE gene is strongly associated with the increased serum ACE activity that may predispose the diabetic individuals to complications. [24] Existing evidence points toward a probable link between plasma lipoprotein and angiotensin II induced-renal injury of DN. Elevated angiotensin II levels (owing to elevated systemic/localized ACE levels) may promote oxidative stress favoring the formation of oxidized LDL a key mediator in the cell injury resulting in the formation of renal lesions. As a result, glomerular capillary hypertension is built-up, thereby enhancing glomerular permeability of macromolecules leading to both mesangium lipid accumulation and tubular lipoprotein overload. Finally, angiotensin II stimulates the release of chemokines, cytokines, potentially enhancing infiltration, and accumulations of lipids into macrophage that causes extracellular matrix accumulation further promoting to glomerular and tubular-interstitial injury. [8] Thus, although ACE is supposedly a crucial factor in predisposition to DN through its causation of oxidative stress by the formation of ox-LDL, dyslipidemia attendant with hyperglycemia has been suggested to be another key factor in the pathogenesis of DN. [9] ACE I/D genotypes and plasma ACE levels have been reported to associate with dyslipidemia. [18] Fairly large number of studies exist regarding ACE and its association with DN, but there are barely any reports pertaining to the analysis of ACE genotypes and DN subjects categorized on the basis of dyslipidemic status. Interestingly, we observed a significant protective effect of ACE I/D genotype with DN (co-dominant model) in dyslipidemic subjects but not within the non-dyslipidemia group. The result might signify the mildly protective contribution of the "I" allele in a dyslipidemic scenario as opposed to the deleterious influence of the "D" allele. An earlier study on Taiwanese population reported the association of atherosclerotic risk factors such as hypertension, smoking, dyslipidemia, and obesity with ACE genotypes in T2D patients with albuminuria. [9] It is plausible that the ACE I/D polymorphism through its effect on circulating ACE levels might be a key contributor to dyslipidemia in a hyperglycemic environment further culminating in renal complications. However, there was significant association of ACE I/D polymorphism noted in the non-dyslipidemic subjects. DN being a multifactorial condition, the presence or absence of predisposing genotypes at other relevant loci could influence the phenotype, warranting the association study of further putative genetic markers with DN in this subgroup of patients.
Moreover, in the present study, we sought to see if there is any interaction between ACE genotypes and lipid levels. We found a genotype-dependent variation in the plasma TG, HDL, and LDL levels among the various study groups. Importantly, the DD genotype subjects in the DN subgroup were characterized by a significantly unhealthy lipid profile. Nagi et al. (1998) found that plasma ACE levels were associated with plasma triglycerides and total cholesterol levels in diabetic subjects among Pima Indians. [32] This further strengthens our premise that ACE DD genotype is a plausible factor responsible for dyslipidemia.
Besides, we also sought to explore the independent effect of potential risk factors for DN employing MLR. In corroboration with our results presented earlier, we observed the DD genotype, TG, and HDL emerged as independent risk factors for progression into DN. However, LDL did not show any significant association. This could be explained by the view that diabetic dyslipidemia is characterized by an elevated serum TG and a reduced HDL-cholesterol without marked alteration in LDL-cholesterol. [8, 11, 22] In addition, BMI was found to be significant independent predictor for DN. It is interesting here to note that weight loss through lifestyle modifications has been reported to reduce proteinuria in DN. [33] Further, male gender and HbA1c also appeared as a significant risk predictors for DN in MLR. Glycated hemoglobin is a potent indicator of long-term glycemic control signifying that effective modulation of glucose levels is essential in the progression into diabetic complications, especially DN. In fact, variability in HbA1c was previously reported to correlate independently with DN. [34, 35] Association with male gender that we observed <0.001 P<0.05 is considered to be significant in this study could possibly be the outcome of hormonal influences and must be interpreted cautiously considering that conflicting associations have been reported previously.
On the basis of all these results, it can be carefully inferred that ACE I/D polymorphism and dyslipidemia lead into DN both independently as well as through a complex interaction. It would be interesting to analyze these allelic interactions at the cellular functional level so as to get an insight into the operative effect of ACE I/D variant in the alteration of lipid balance and leading to the causation of DN. Analysis of the pharmacogenetic response of ACE inhibitors would add additional information to design effective patient care strategies.
Conclusion
The study showed a significant predisposing association of ACE DD genotype with DN and protective effect of ID genotype on DN in the dyslipidemia sub group. Furthermore, serum lipids varied significantly with respect to the ACE genotypes suggesting an interaction between the genotypes and concomitant TG, HDL, and LDL levels.
